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higher medial condyle osteophytosis (p<0.01) showing a trend
with the lateral counterpart (p=0.07). Dogs having higher GCA
had also lower macroscopic lesions on lateral cartilage condyles
(p<0.005). Higher PVF also correlated with higher macroscopic
cartilage lesions on medial condyles (p<0.04).
Conclusions: Structural damages evaluated by non-invasive MR
imaging had previously been related to gait disability in this dog
model of OA. The present study conﬁrms the relationships be-
tween structure and function. Firstly, this study is indicative of
an excellent association between non-invasive MRI and invasive
structural evaluations; secondly, the role of osteophytes and joint
effusion as compensatory mechanisms to abnormal joint biome-
chanics is conﬁrmed; thirdly, the inﬂuence of abnormal loading
on the progression of opposed medial and lateral cartilage de-
fects is highlighted, as well as its opposite consequence on both
podobarometric parameters, PVF and GCA.
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TRAIN THE CHONDROCYTES: MECHANOSTIMULATION
REVERSES THE CATABOLIC PHENOTYPE OF HUMAN
MATRIX-EMBEDDED CHONDROCYTES - A PRELIMINARY
REPORT
F. Halbwirth, E. Niculescu-Morzsa, H. Zwickl, S. Nehrer
Ctr. for Regenerative Med., Krems an der Donau, Austria
Purpose: The goal of this study was to determine the effect of
cyclic mechanical stimulation on matrix-embedded human chon-
drocytes derived from osteoarthritic cartilage. For that purpose
expression of genes known to be affected in diseased carti-
lage (MMP-3, MMP-13, collagen II, aggrecan) and its alteration
upon mechanical stress was investigated via RT-PCR. In addi-
tion, matrix-embedded chondrocytes were histologically evaluated
concerning a potential effect of mechanostimulation on cell mor-
phology.
Methods: Human articular cartilage was obtained from 5 os-
teoarthritis patients (age 61 to 80) subjected to total knee arthro-
plasty. After isolation from cartilage tissue, chondrocytes were
expanded under standard cell culture conditions for 14 to 20 days
and subsequently embedded in a collagen I-matrix. Following
cultivation for 12 to 16 days, cell-seeded matrices were either
mechanically stimulated or further cultivated without stimulus. In
addition, cells were harvested at the end of the expansion phase
representing the molecular status-quo at the time of matrix em-
bedment. Mechanostimulation of implants was performed via the
FX-4000 C™ Flexercell® by applying a cyclic sinusoid compres-
sion regime for 4 days. For measurement of gene expression,
chondrocytes were isolated and mRNA levels of the genes of
interest were gathered via RT-PCR. Moreover, morphology and
distribution of chondrocytes in the differentially treated matrices
were histologically determined.
Results: Our approach allowed to unravel the effects of
mechanostimulation on 3D-cultivated chondrocytes with respect
to transcription of established marker genes involved in tissue
metabolism. In addition, we introduced “metabolic indices” (MI)
in order to determine a potential shift in the metabolic balance
of chondrocytes and to eliminate the notably high interindividual
differences in terms of original gene expression and reactivity to
the stimulation regimes. Based on data from literature concerning
the preferential targets of the respective proteinases, results were
expressed as ratios of aggrecan and Col 2 to MMP-3 (MI3) and
MMP-13 (MI13), respectively. Both, MI3 as well as MI13, sig-
niﬁcantly increased by mechanostimulation compared to control
indicating an “anabolic shift”. Gene expression of Col 2 as well
as MMP-3 and -13 proved to be highly responsive to mechanical
stimulation whereas that of aggrecan was less affected. Moreover,
chondrocyte morphology proved to be drastically altered by ap-
pearing round rather than spindle-shaped in histological slices of
stimulated compared to control matrices.
Conclusions: Determination of the effects of mechanostimula-
tion on matrix-embedded chondrocytes derived from osteoarthritis
cartilage revealed differential responsivity in terms of alterations
of expression levels of the investigated genes upon exposure
to the applied stress. However, we got strong indications of a
shift from catabolic towards anabolic transcription activity. Our
ﬁndings further suggest the importance of mechanical stress for
metabolism and function of chondrocytes and indicate that the
supposed catabolic phenotype of matrix-embedded osteoarthritic
chondrocytes might be reversible by mechanostimulation.
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ESTABLISHING AN IN VITRO BENCHMARK TEST FOR
ARTIFICIAL MATERIALS ARTICULATING AGAINST
CARTILAGE
D.A. Nunnelly, C.A. Pacione, T. Uth, J. Kim, S. Chubinskaya,
M.A. Wimmer
Rush Univ. Med. Ctr., Chicago, IL
Purpose: Clinically, there is interest in minimally invasive solutions
that reduce symptoms and restore joint mobility in the early stages
of cartilage degeneration or damage. Therefore, wear resistant
materials which articulate against cartilage without compromising
the tissue are warranted. The purpose of this study was to es-
tablish a wear simulation model with living cartilage tissue, which
could serve as a benchmark to represent the natural conditions of
an articulating joint. The main objective of this study was to investi-
gate the effect of articular motion of a cartilage-on-cartilage (CoC)
versus a cartilage-on-metal (CoM) interface, with cobalt-chromium
as the metal being a common replacement material.
Methods: Testing Procedure - An apparatus suitable to screen
cartilage-friendly materials in vitro was used. This applied method-
ology has been reported earlier and consists of an oscillating ball,
migrating over a cartilage disk, housed in an incubator.
Cartilage Procurement/Culture - Two Stiﬂe joints of 24-week old
calves were obtained, and a Ø 14-mm punch was used to procure
4 disks from each trochlea. The disks were placed in porous
polyethylene scaffolds within custom-made PEEK holders. Simul-
taneously, 40×5×2mm strips were removed via a sterile, sharp
scalpel from the same joint location. The prepared cartilage sam-
ples were treated to a 5 day pre-culture in DMEM:HAM’S F-12
(1:1) supplemented with 1% Mini-ITS+ and antibiotics.
Protocol - Randomly selected disks and strips were mounted on a
bioreactor, which was housed in an incubator (95% humidity, 5%
CO2, and 37°C). In order to mount the cartilage strips, a Ø 32mm
polymer sphere was modiﬁed to allow for cartilage attachment
by cutting out a shallow recess (5x1mm) around the equator.
Attachment was performed using titanium surgical pins. Each disk
received 3 ml of media at the test commencement. Two sets
of four disks each were wear-tested against cartilage and CoCr
materials. Six remaining disks served as free-swelling controls.
40N compressive load was applied with a migrating contact area
on the bioreactor. The ball oscillated at ±30 deg and 0.1 Hz, while
the disk rotated at ±15deg and 0.1 Hz.
Endpoints - After the three hour test, medium was directly collected
from each disk and analyzed for proteoglycan (PG)/GAG release
(DMMB assay) and hydroxyproline content, a marker for collagen
wear. Values for CoC were divided by 2 to account for the two
cartilage samples in contact. The cartilage explants were collected
at the test conclusion to examine superﬁcial cell viability for the top
15% of the cartilage disk (live/dead assay). Paired-sample T-tests
were conducted (α = 0.05).
Results: Cell viability of CoC was comparable to control samples,
while for CoM it was two times reduced (p<0.01). CoC PG/GAG
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release was lower than CoM release, but not signiﬁcantly different
(p=0.067). Both articulating systems, however, showed higher
release values than control (p<0.01). Hydroxyproline content was
signiﬁcantly increased for CoM compared with CoC (4:1; p=0.041).
There was no difference between CoC and control.
Conclusions: A preliminary benchmark has been established,
with cartilage-on-cartilage being the superior interface compared
with cartilage-on-metal, the current gold standard in cartilage re-
placement strategies. Since it was shown earlier that the described
methodology is capable in indentifying historical failures (e.g.
polyethylene), this study further validates the predescribed tech-
nique and opens promising testing possibilities for novel artiﬁcial
materials. Further investigation will follow to analyze the inﬂuence
of contact load and motion frequency on tissue response.
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HYALURONIC ACID-RELATED VISCOSITY OF THE
OSTEOARTHRITIC SYNOVIAL FLUID (SF) IS HIGHLY
DEPENDENT ON SF PROTEIN COMPOSITION
T. Conrozier1, P. Mathieu1, E. Vignon1, Y. Rozand2,
M. Rinaudo3
1Dept. of Rheumatology. Centre Hosp. Lyon Sud, Pierre Bénite,
France; 2Centre of Rheumatology A. Sambat, Grenoble, France;
3CERMAV-CNRS, Joseph Fourier Univ., Grenoble, France
Purpose: The elasto-viscosity of the synovial ﬂuid (SF) is known
to be dependent on the product “molecular weight (Mw) x concen-
tration (C)” of hyaluronic acid (HA). However the HA rheological
behaviour at the same C and Mw is a Newtonian one at low
shear rate while that of LS is non-Newtonian. Furthermore the
viscosity of LS is much higher than that of a solution of HA alone
at the same C and Mw. This suggest interactions between HA and
proteins (Pr) that may inﬂuence SF rheological properties.
The aim of the study was to investigate the inﬂuence of protein
composition (C and Mw) on the SF intrinsic viscosity in patients
with knee osteoarthritis (OA)
Methods: 18 SF were obtained by arthrocentesis in patients with
knee OA and assayed using Steric Exclusion Chromatography,
which allows HA to be separated from the proteins and to deter-
mine both Mw and C without any pre-treatment.
SF rheology was determined using a rheometer at 25°C using a
cone and plate geometry. Steady-state viscosity η was determined
in Pa.s, as a function of the shear rate at 1 s-1.
Correlations between η (Pa·s) and HA and Pr (Mw, C and Mw ×
C) were calculated.
Results: The mean HA concentration (SD) and Mw were 1.44
(±0.5) g/L and 1.57 (±0.7) × 106 Da respectively. The mean Pr
concentration and Mw were 25.9 (±6.2) g/L and 2.33 (±1.7) ×
106 Da respectively.
Mean η was 0.79 (±0.81) Pa·s at 1 s-1 and was unrelated to Pr
Mw and C as well as HA Mw. It was related to HA C (R=0.56,
p=0.01) and [HA Mw × C] (R=0.66, p=0.003).
η was much more highly correlated with the ratio [HA Mw × C/Pr
Mw × C] (R=0.71, p=0.0009).
Conclusions: LS protein composition inﬂuences HA-related vis-
cosity, probably through electrostatic interactions between anionic
HA and cationic sites of proteins that form a loose 3D-network.
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RETROGRADE CEMENT REMOVAL IN ELECTIVE TOTAL HIP
REVISION SURGERY
K. Tóth1, J. Nagy2, K. Wellinger1, S. Manó3, Z. Csernátony3
1Univ. of Szeged, Szeged, Hungary; 2Dept. of Traumatology,
Semmelweis Hosp., Kiskunhalas, Hungary; 3Univ. of Debrecen
Med. Hlth.and Sci. Ctr., Debrecen, Hungary
Purpose: Removal of cemented femoral stems in total hip arthro-
plasty revision is technically demanding and requires a multitude
of surgical techniques and tools. To gain full access to the ce-
ment, distal fenestration, extended trochanteric osteotomy or a
transfemoral approach have been established.
In order to minimize further proximal bone loss we used a ret-
rograde technique to remove the cement from the femoral canal
and also to remove the distal part of the stem in case of fatigue
breakage. Besides the clinical cases we also report on the results
of our biomechanical examinations on cadaver femurs.
Methods: At the University of Szeged, Department of Orthope-
dics we used the retrograde method for The authors present ﬁve
clinical cases, where in two cases the femoral stem and cement
was removed and in three cases due to breakage of the femoral
component the distal part was removed with the retrograde tech-
nique. We simulated cement removal with the windowing and the
retrograde technique on 12 femurs from cadavers.
Cadavers of similar age and body posture were chosen and di-
vided into two groups. We removed both femurs from the cadavers.
In three specimens we made a 1.5cm × 5cm window on the lateral
cortical of the femur. On the other three specimens we opened
distally the medullary canal with a 12 mm drill. The other femurs
from the same cadavers were used as control.
For the examinations we used an Instron 8874 biaxial material
testing unit. After ﬁxing the femur we loaded it axially with a 100 N
to further stabilize the system, and then we applied a constant 2°/s
rotational force until it broke. We measured the torque required for
breakage.
Results: In all cases the removal of the stem or the distal broken
part was complications free. The average age of the cadavers
from each group was roughly the same.
Where the fenestration technique was used the fracture in every
case involved the window. There was a signiﬁcant difference in the
torque required for fracture; the ratio was 1:3 in favor of the control
group. In the retrograde technique group the fracture of the femur
never occurred in the distal part. The torque required for fracture
was only slightly less than in the control group with a ratio 1:1.3.
There was not a signiﬁcant difference in bone quality between the
prepared and control femur groups, p≤0.804.
Conclusions: Besides weakening the bone stock the fenestration
technique also has other setbacks: The special long femoral stem
required after windowing is more expensive than routine stems.
When compared to the retrograde approach the fenestration tech-
nique requires a larger incision, more muscle detachment which
increases both surgical time and blood loss, and with this, the rate
of complications also increases.
Our few cases from elective hip revision surgery demonstrate
that the retrograde technique besides assisting in stem removal
can also be successfully used for removal of the distal femoral
component in case of stem breakage.
The cadaver experimentations support our clinical experience
that the windowing technique greatly weakens the femur against
rotational forces. We are planning to continue our experimentation
so later we can report on our results from a greater number of
examinations.
In conclusion, taking into account the indications and contraindica-
tions of the retrograde cement removal technique we recommend
its use as an alternative possibility in elective femoral stem loos-
ening.
